ABSTRACT
INTRODUCTION P
OSTOPERATIVE ENDOPHTHALMITIS after cataract surgery is a rare, but very serious, and devastating complication. Although endophthalmitis occurs infrequently, visual morbidity is high, even with appropriate treatment. Therefore, prophylaxis is very important for the prevention of its occurrence.
Modern advances in surgical technique and infection of prophylaxis have reduced the incidence of complications. Current reports indicate the incidence ranges from 0.3% to 0.4%. [1] [2] [3] [4] [5] [6] [7] [8] Many methods are used to reduce colonization by microorganisms inside and outside the eyelid. Lash trimming before surgery was frequently used, but it did not alter the periocular bacterial flora. 9 Saline irrigation has not been shown to reduce ocular surface flora aqueous contamination. 10 In addition, saline irrigation was found not associated with a reduction in the incidence of postoperative endophthalmitis. 11 Previous studies showed that 5% povidone-iodine (PI) disinfection on the conjunctiva is a safe and effective agent in reducing the number of bacteria on the ocular surface at the time of surgery, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and reduces the risk of postoperative endophthalmitis. In a recent evidence-based study, Ciullua et al., found preoperative irrigation with PI to be the most recommended technique, based on the current clinical evidence. 22 However, information about the concentration of PI for periocular skin disinfection to reduce the risk of postoperative endophthalmitis is lacking.
PI is a potent antiseptic with a wide spectrum of activity against both gram-positive and gramnegative bacteria, fungi, and viruses. It is commonly used for preoperative preparation. Although the exact mechanism of germicidal activity of PI is unknown, it is believed that iodine penetrates the cell wall and reacts with amino acids and nucleotides, which, ultimately, disrupt the cell's protein synthesis. Antimicrobial activity appears to result from the 1% free iodine released, which occurs after contact with the skin for 30 sec to 1 min, and this effect lasts for 1 h. 23, 24 Ten (10) percent PI solution has little toxicity and is recommended for mucous membrane and external use only. Given the wide use of PI solutions as disinfectants in hospitals, they are reportedly susceptible to contamination with Pseudomonas cepacia, which can be passed on to patients. 25 Preoperative preparation with 5% povidoneiodine solution dropped into the conjunctival sac, followed by skin preparation with 10% PI solution, has been recommended. 26 Nonetheless, a modified preparation of 5% PI used both for skin and the conjunctiva also is used in many institutes and for simple ocular surgery, such as intravitreous injection of triamcinolone acetate. 13, 27 Data on the efficacy of prophylactic methods for the prevention of postoperative endophthalmitis are insufficient for the widespread adoption of a standard prophylactic regimen for the prevention of postoperative endophthalmitis, especially the concentration of PI for periocular skin disinfection. We investigated the possible risk factors associated with postoperative endophthalmitis after cataract surgery over an 8-year period. The objective of this case-controlled study was to answer the following three questions:
(1) Which protocol of disinfection had the least risk for postoperative endophthalmitis? (2) Was 5% PI for skin disinfection associated with greater risk of endophthalmitis compared to 10% PI?; and (3) Was the abscence of 5% PI for conjunctival prophylaxis associated with greater risk of endophthalmitis compared to using 5% PI?
METHODS
We retrospectively reviewed the medical records of all patients who underwent extracapsular cataract extraction (ECCE) cataract surgery with intraocular lens implantation between January 1992 and January 2000 at a tertiary referral center, the Chang Gung Memorial Hospital, Kaohsiung Medical Center (Kaohsiung, Taiwan). In order to eliminate possible confounding factors, patients who underwent secondary lens implantation, intraocular lens (IOL) exchange, or cataract surgery combined with a filtering procedure or corneal transplantation, and phacoemulsification were excluded. Postoperative endophthalmitis was defined, as in the endophthalmitis vitrectomy study, as the development of clinical signs and symptoms of endophthalmitis within 6 weeks after surgery. 28 Patients with inflammation of the lid margin, such as blepharitis, did not undergo cataract surgery. Preoperative prophylactic topical antibiotics were not used. Patients underwent our standard preoperative preparation of spreading and rubbing 3% hexachlorophene on the periocular skin area. Then, saline was used to irrigate the skin and ocular surface and remove the residual hexachlorophene. Then, 5% or 10% PI was used to prepare the periocular skin and lids. In addition, some patients had 5% PI applied to soak in the conjunctival fornix for approximately 5 to 10 min. The periocular area was dried by patting with a sterile 4 ϫ 4 gauze pad to enhance the adherence of the sticky plastic drape. The eye was draped using a large aseptic plastic translucent drape (Steri-Drape™, 3M Health Care, St. Paul, MN) just before surgery. After approximately 5 min, the drape was incised at the lid fissure with sterile Westcott scissors without abrading the cornea. Intraocular prophylactic antibiotics were not used in the irrigating balanced salts solution (Alcon, ® Fort Worth, TX). During the surgery, viscoelastic substances, such as Healon (Pharmacia & Upjohn; Uppsala, Sweden) or Viscoat (Alcon), were used. All patients underwent IOL implantation with polymethylmethacrylate (PMMA) lenses. ECCE wound size and wound construction were similar for all patients. All patients received subconjunctival antibiotic injections of gentamicin at the end of surgery.
From the total ECCE cases, 10 age-and gendermatched control patients were randomly selected for each endophthalmitis patient. All patients were categorized into one of three groups, depending on which of the three disinfection protocols they underwent. Protocol 1 was 10% PI disinfection of the periocular skin, combined with 5% PI applied to the conjunctiva. Protocol 2 was 10% PI disinfection of the periocular skin with the absence of 5% PI applied to the conjunctiva. The protocol 3 was 5% PI disinfection of the periocular skin and conjunctiva.
Data were analyzed using a chi-square test and a Fisher's exact test (if the expected value was under 5) for the association between prophylaxis protocols and endophthalmitis. Probability values of P Ͻ 0.05 were considered statistically significant. In addition, logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for endophthalmitis associated with specific risk factors. Skin disinfection type and conjunctival disinfection type were considered as independent variables. Variables that were significant at the P Յ 0.1 level in the univariate analysis were included in backward logistic regression analysis to select the final list of independent variables. All analyses were computed using SPSS software (v10.0, SPSS Inc., Chicago, IL).
RESULTS
A total of 10,614 ECCE surgeries with IOL implantations were performed during the 8-year study period. There were 4490 men and 6124 women, and the mean age was 66.0 years. A greater number of patients (8650) received treatment protocol 1 (group 1, skin, 10% PI; conjunctiva, 5% PI) than treatment protocol 2 (group 2, skin, 10% PI; conjunctiva, no PI; n ϭ 1094) or protocol 3 (group 3, skin, 5% PI; conjunctiva, 5% PI; n ϭ 870).
Postoperative endophthalmitis occurred after cataract surgery in 12 patients (12 of 10,614; 0.11%). The patient characteristics and demographic data are shown in Table 1 . A total of 120 age-and gender-matched cases were randomly selected.
A positive culture result was found in 5 of 12 patients (42%). Of the 12 patients with postoperative endophthalmitis, 4 were males and 8 were females, and their mean age was 65 years. Among the patients, 5 underwent protocol 1 (skin, 10% PI; conjunctiva, 5% PI), 3 underwent protocol 2 (skin, 10% PI; conjunctiva, no PI), and 4 underwent protocol 3 (skin 5% PI and conjunctiva 5% PI). Among the control patients, 98 underwent disinfection protocol 1, 10 underwent protocol 2, and 12 underwent protocol 3.
There was significant association between disinfection protocols and postoperative endophthalmitis (Table 2 ; P ϭ 0.006). Comparison of results of patients receiving the three protocols ENDOPHTHALMITIS AND POVIDONE-IODINE 57 revealed that patients who received protocol 1 had significantly lower risk of postoperative endophthalmitis, compared to group 2 or group 3 (P ϭ 0.045, 0.019, respectively). There was no significant difference in the risk of postoperative endophthalmitis between patients who received protocol 2 and protocol 3 (P ϭ 1.000). In addition, protocol 1 had significantly lower risk of postoperative endophthalmitis, compared to the combined patients who underwent protocols 2 and 3 (P ϭ 0.005).
In the logistic regression analysis, Table 3 shows the distribution of possible risk factors among controls and endophthalmitis patients and results of the univariate logistic regression analysis. A trend toward higher risk was seen for skin disinfection, conjunctival disinfection, diabetes mellitus, and posterior capsular rupture (P Յ 0.10). These four variables were included in multivariate analysis. Only skin disinfection and conjunctival disinfection were independently associated with higher risk of endophthalmitis (Table 4) . Preoperative skin preparation with 5% povidone-iodine prophylaxis was associated with an increased risk of postoperative infection, compared to 10% povidone-iodine (adjusted odds ratio [OR], 10.9; 95% confidence interval [CI], 2.3~52.6; P ϭ 0.003). Lack of conjunctival WU ET AL. 58 Note: Odds ratio (95% confidence intervals) of endophthalmitis in backwards stepwise multiple logistic regression models that included the following covariates: skin and conjunctival disinfection type, diabetes, posterior capsular rupture. Posterior capsule rupture was dropped out of the final models.
PI, povidone-iodine; OR, odds ratios; CI, confidence interval. *Represents a significant difference with a P value Ͻ0.05.
preparation with 5% povidone-iodine disinfection was also associated with an increased risk of postoperative infection (adjusted OR, 5.6; 95% CI, 1.1~27.9; P ϭ 0.035).
DISCUSSION
The incidence of postoperative endophthalmitis after cataract surgery in this study was 0.11%. Because postoperative endophthalmitis is such a rare event, a prospective, randomized, masked study is very difficult to perform, as it requires inclusion of nearly 100,000 patients to have sufficient power. 29 In addition, there were many risk factors for postoperative endophthalmitis, such as intraocular lens material, rupture of the posterior capsular, and immune compromise. 30, 31 Nevertheless, such a case-controlled study could play an important role by identifying endophthalmitis risk factors.
Our retrospective, case-controlled study found that patients who underwent 10% PI skin disinfection combined with 5% PI conjunctival disinfection (protocol 1) had significantly less risk of developing postcataract surgery endophthalmitis than patients who received the other two protocol treatments. For skin preparation, 5% PI was associated with an elevenfold greater odds of acute postcataract surgery endophthalmitis, compared with 10% PI. For conjunctival preparation, no 5% PI for conjunctival disinfection was associated with sixfold greater odds of acute postcataract surgery endophthalmitis, compared with 5% PI in conjunctival disinfection. These results show the importance of PI concentration for skin preparation and the use of 5% PI for conjunctival disinfection.
There are several possible explanations for the importance of PI concentration in skin preparation for the prevention of postoperative endophthalmitis. Most common organisms causing postoperative endophthalmitis colonize the eyelids, indicating the importance of lid skin disinfection. Possible infection sources in postoperative endophthalmitis include tear film on the ocular surface, eyelids, and adnexa, solutions and medications for intraocular use, surgical instruments, intraocular lenses, normal flora in the respiratory tract, skin of surgeons and assistants, and air in the surgical room. Because the use of aseptic surgical procedures excludes most infection sources, prophylaxis should focus on the ocular surface, eyelid, and nearby tissue. One study demonstrated that organisms could be isolated from the eyelids, conjunctiva, or nose in 14 (82%) of 17 cases of endophthalmitis. 15 The most common organisms isolated in larger studies of acute postoperative endophthalmitis were gram-positive coagulase-negative cocci, including Staphylococcus epidermidis and S. aureus. 16, 32 These are the most common organisms recovered from the eyelids. 33, 34 In our study, three of five culture-positive microorganisms were coagulase-negative Staphylococci. Accordingly, disinfection of eyelid skin and ocular surface are very important for prophylaxis against postoperative endophthalmitis.
Both 10% and 5% PI in skin disinfection protocols have been widely used for preoperative cataract surgery antisepsis. 15, 18 Nonetheless, the optimal concentration of PI for cataract surgery antisepsis remains unclear. Our literature review found no previous report that compared the risk of postoperative endophthalmitis between 10% or 5% PI for skin disinfection in preoperative cataract surgery antisepsis. Our study showed that 10% povidone-iodine provided better skin disinfection and endophthalmitis prophylaxis than 5% PI. A previous in vitro study showed that because of the higher free iodine content, dilute PI solutions (0.01%, 0.1%, and 1%) achieved greater kill rates at 15 sec than did more concentrated solutions (5% or 10%); however, at 60 sec, the kill rates are similar. 35 This reflects the ability of the PI to act as a reservoir of free iodine and to continue to release it from the bound to the free form until a balance is reached and the iodinebinding sites are saturated (i.e., all bacteria are killed) or the iodine content is exhausted. In this regard, dilute solutions are at a disadvantage because they have a smaller iodine reservoir and, therefore, have the capacity to kill fewer bacteria. 36 This could explain why 10% PI might have a better antiseptic effect than 5% PI when used for skin preparation operative procedures of 0.5-1 h of duration. A recent study showed that 5% PI conjunctival disinfection in cataract surgery is more effective than 1% PI in decreasing human conjunctival bacterial flora in vivo. 13 Our results suggest that 10% PI skin disinfection is more effective in ECCE. This may be due to the number of instruments passing in and out of the eye, especially in Asian patients with a small lid fissure. In our recent preliminary study of lid disinfection, patients with a large number of predisinfection colonies (colony-forming unit
[CFU] Ͼ 1000), 10% PI had superior reduction of CFUs than did 5% PI (unpublished). The higher concentration of PI for conjunctival disinfection (5% versus 1% PI) was also more effective in decreasing human conjunctival bacterial flora in vivo. 13 The 5% PI in skin disinfection might be reserved for more simple procedures that do not involve or prevent contact with the lid skin and lid margin, such as intravitreous injection 27 or temporal approach phacoemulsification.
Conjunctival disinfection with 5% PI is now widely used in preoperative preparation for intraocular surgery. Our data indicate that 5% povidone-iodine disinfection of the conjunctival sac reduced the incidence of postoperative endophthalmitis. Apt et al. noted that 10% PI infiltration of the conjunctival sac caused congestion, 17 whereas dilution to 5% did not cause congestion and still had good antimicrobial efficacy, as evidenced by significant reduction of the flora on the conjunctiva. Their subsequent study also showed that 5% PI infiltration of the conjunctival sac had low toxicity and high efficacy. 19 They suggested that antimicrobial effect would appear after 5% PI contact with ocular tissue for several minutes. Speaker and Menikoff found a significantly lower incidence of culture-positive endophthalmitis when using 5% PI, compared to silver protein solution prophylaxis. They also found no association between 5% PI prophylaxis and any adverse reaction. 15 Other studies found no significant difference between 5% PI and controls. 37, 38 However, 5% PI preparation of the conjunctiva had a lower rate of postoperative infection, suggesting its superiority as a prophylactic method. Isenberg et al., showed that the prophylactic effect of a single preoperative topical PI disinfection protocol had a similar effectiveness to 3 d of topical preoperative antibiotics. 20 This small, case-controlled study was limited by its retrospective design. There are other possible factors that might result in postoperative endophthalmitis, such as different surgeon, wound size, location, and construction-even these factors (three-plane corneoscleral incision) were highly uniform for this ECCE procedure in this institute. Further prospective studies are warranted.
CONCLUSIONS
This study provides new data on the risk of postoperative endophthalmitis after ECCE surgery over an 8-year period at one institute. We found the prophylaxis of preoperative skin preparation with 10% povidone-iodine and 5% povidone-iodine on the conjunctiva reduced the risk of postoperative endophthalmitis.
